Variation of tilt angle on surface of alignment layer under electric field was investigated by reflection measurement in thin (2-5 μm) twisted LC cell. Dependence of tilt angle from voltage was used for determination of polar anchoring properties of two alignment materials with different polar anchoring energy. It introduces the new method for investigation of polar anchoring properties of nematic liquid crystal cell, which has twisted structure and small cell gap.
Introduction
Liquid crystal (LC) anchoring energy is the important parameter of LC cell, which defines the basic characteristics of LC electrooptic response, such as controlling voltage and response time [1] . Question about the correct function of the dependence of anchoring energy from deviation angle from equilibrium state was widely discussed in literature [2, 3, 4] . For this purpose usually people use the Rapini-Popular relation for anchoring energy. It is simple form and quite logical approximation for anchoring energy [3] . But some authors indicate that this approximation is not universal formula and exist several cases when possible find declination from it [5, 6] . Most of the methods for determinations of the LC anchoring energy are based on the Rapini-Popular formula.
At present time direct methods for determination of the tilt angle on the surface do not exist. Usually LC anchoring energy is found from the dependence of the LC bulk parameters such as a retardation or capacity versus applied electric or magnetic field for LC cell with large cell gap [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The most effective method is a high voltage technique proposed by Yokoyama and van Sprang [10] . Certain modification of this method is RV technique developed by Kent University [11, 12] The polar anchoring energy can be also found from electrical measurement by a capacity method [13, 14, 15] The method to evaluate polar (or zenithal) LC anchoring energy proposed by Vilfan et al. use the measurements of relaxation time of LC director fluctuations in a homogeneously aligned cell as a function of LC cell thickness [16, 17] The disadvantage of the "bulk" methods is the small contribution of the LC anchoring effect. It does not give possibility to investigate the form of the function for anchoring energy. In 2005 we introduced the compensation principal for minimization of volume effects on measurement of anchoring energy and investigation of surface properties: all effects, which are not related to the interaction with the surface, are automatically excluded from result of measurement. It was successfully realized in two channels capacity methods [14] . In this case the VA cell was used for the reference channel in measurement device giving possibility to increase the precision of the electrical method. In the present paper we propose to use the same compensation principal for optical measurement. For investigation of surface alignment the anisotropy of reflectivity at the boundary of isotropicanisotropic materials (liquid crystal -alignment material) was measured. Compensation birefringence of LC in 90 degree twisted cell gives possibility to suppress the birefringence in the bulk of liquid crystal. We used the property that the reflective coefficient at the isotropic-anisotropic boundary in LC cell is determined by the LC tilt angle on the surface and the profile of the tilt angle nearest of boundary. The amplitude of reflection can be precisely measured for any applied voltage. Thus this dependence can be used for evaluation polar anchoring energy of LC.
Base for measurement
Reflection coefficient for boundary of two mediums is determined by the refractive indexes of these mediums. When some voltage is applied to LC cell the tilt angle on boundary change in dependence of electrical strength of applied field. And reflection coefficient changes as it is shown in Fig.1 bold dash line. In this plot black points correspond the values of tilt angle LC on the boundary.
3.
Result of experiment
Samples and equipment for measurement
Two alignment materials were used in experiment. One is commercial alignment material PIA-3744 from Chisso and other new alignment material B-15 developed for deposition on plastic substrates from BSU, Belarus [18] . Materials was deposed by spin coating method PI material was baked at temperature 230°C for 1 hour and rubbed before assembling LC cell. B15 material need low temperature treatment (100°) and solved in nonaggressive solvent butyl-acetate.
For measurement was prepared several cells with cell gap 2 μm in twist configuration. Glass substrates had pattered ITO electrode which has in LC cell overlapping area 5x5 mm.
For reflective measurement was used the polarized microscope "Olympus BX40". For spectral measurement the high resolution spectrometer HD2000 from Ocean Optics was used. Spectral resolution of spectrometer was 1.5 nm
Voltage dependence of tilt angle of LC at the surface received for two different alignment materials is presented on Fig.2 . 
Conclusions
In this paper we show how the behavior of liquid crystal on the surface of alignment material was investigated under the electrical field. The values of tilt angle can be measured for any applied electrical field by reflection from twist nematic LC cell. In this method the cells with small cell gap (2-5 μm) can be used, and low voltage (up to 20-30V only) is sufficient for reliable measurement.
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